Purpose: To find outlier centers in different aspects of quality of care by comparing two different outcomes and adjusting to case mix in benign prostatic hypertrophy (BPH) patients undergoing prostatectomy.
INTRODUCTION
The last decade has shown increased use of therapeutic outcomes as quality indicators of medical care. This information may facilitate improvement in quality of care both by release to the public of health service consumers, and by feedback to health-care providers [1] .
Initially, mortality rates were utilized as quality indicators. Mortality has the great advantage of being "hard datum" and thus is a valid and reliable measurement. However, physicians, patients and policy-makers have recently acknowledged that mortality rate is not an appropriate outcome measure in many areas of medical care that focus on palliation of chronic conditions, rather than on life extension. In these instances, quality-of-life (QOL) indicators are more suitable measures, may be specific for the disease considered, or may extend beyond the biomedical field and include physical, social and psychological functioning [1] [2] [3] .
Yet another dimension of quality of care is control of immediate adverse effects of medical intervention. This indicator may be more sensitive to small variations in skills among healthcare providers.
When outcomes are used to compare quality of care among health-care providers in an observational study, variation in sociodemographic and medical attributes among patients of various providers usually explains part of the measured variance. In order to determine the contribution of different providers to the outcome measured, this variation in the case mix should be controlled and adjusted [4, 5] .
This study was conducted to construct a model of quality assurance for prostatectomy.
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The quality indicators examined were a QOL specific measure-symptom effect, and an adverse effect indicator-immediate perioperative complications. Prostatectomy provides a good model, since it is a common procedure, mostly performed for palliation, and evolves a significant complication rate [6] .
Our specific goals were: • To build a tool for case mix-adjusted comparisons of symptom effect and immediate complications after prostatectomy among medical centers.
• To implement these tools on a convenience sample of three medical centers and attempt to detect outlier.
• To compare the detection ability of these two quality indicators in our sample.
METHODS
Patients
The study included all patients who underwent prostatectomy due to benign prostatic hypertrophy (BPH), in three referral and university-affiliated medical centers in the Tel Aviv area, Israel, between 1991 and 1992.
Data collection
All patients underwent a personal structured interview by a trained nurse before the operation, and additional interviews (conducted telephonically), 4 months postoperatively. Further details concerning imaging, laboratory test results and comorbidity were gathered from the hospital charts by a nurse.
The patient interview included questions concerning sociodemographic data and medical history. In addition, the interview included a set of questionnaires adopted from Fowler et al. [7] : prostatism symptom effect, i.e. to what extent were the prostatism symptoms a cause of worry or discomfort-bothered due to incontinence, embarrassed by frequent visits to the bathroom, anxious about being far from bathroom or about retention, discomfort due to fullness sensation in the bladder, concern about sexual function (six items). Additional questionnaires included mental health, activity and general health perception. According to the above questionnaires, six scales were constructed. The range of possible numerical responses to each question varied according to scale: 0-2-independence scale; 0-5-symptom, symptom effect and activity scales; and 0-6-general health scale. For all scales, a higher score corresponded with deterioration of the patient's condition (i.e. question item: frequency of terminal dribbling. Response: 0-never; 1-rarely; 2-sometimes; 3-often; 4-most of the time; 5-always). The score of the scale was calculated as the average score of items answered in the corresponding questionnaire. Scoring of specific scales for a patient was performed only if at least half of the items in the questionnaire had been answered.
VARIABLE DEFINITION
Background variables
1. (derived from the medical charts): hospitalizations during previous year, other diseases present (ICD9 coded by physician). The Charlson comorbidity index was used. This index was developed and validated especially to control for potential confounding effects of co-existing morbid conditions in a retrospective, chart-based analysis of long-term mortality [8] . Binary indicator variables were constructed for a number of common diseases often known to affect QOL (i.e. myocardial infarction, diabetes, chronic lung disease, stroke). Laboratory data included hematocrit, albumin, creatinine, urea. 4. The BPH symptom measures: preoperative level of symptom effect (score of questionnaire).
Process variables
These variables included factors amenable to external determination during the process. In our study they included operation type (transurethraJ vs open prostatectomy) and medical center (out of three participating).
Outcome variables
1. Symptom effect 4 months after surgery. 2. Presence of any of the following immediate urological complications: hemorrhage with need for blood transfusion, hemorrhage without transfusion, wound problems (discharge, inflammation or abscess), fever (over 38°C > 2 days), meatus complications (stricture or meatitis), urinary retention, urinary tract infection, surgical complication (such as perforation of prostatic capsule or bladder), anesthesia complications (severe head and back ache and spinal anesthesia), need for immediate recurrent operation, death (correction for multiple testing was performed using the bootstrap method [9] ). 3. Presence of any non-urological complication: -exacerbation of chronic disease: angina, arrhythmia, diabetes mellitus, chronic lung disease, hypertension -acute medical condition: myocardial infarction, stroke, pulmonary embolism, gastrointestinal bleed, confusional state, depression, severe drug reaction, syncope, thrombophlebitis, hypotension.
Statistical analysis
The power of the study was 0.80 for detection of a 1.0 difference in symptom effect score between each of the two centers (this difference in symptom effect score was estimated to be clinically significant as it would change the severity of category for most patients, i.e. from mild to moderate).
For modeling of case mix-adjusted outcomes, a two-step process was performed: (a) analysis of variance (ANOVA) (for categorical variables) and Pearson correlation (for continuous variables) were used to identify explanatory variables which correlated significantly with the outcome variable univariate analysis; (b) a multi-step regression analysis with the above variables as candidates for independent variables, and the dependent variable as the outcome studied: either as a post-surgical symptom effect in a linear model, or presence of complications (urological and non-urological) in a logistic model.
To establish an additional contribution to the model of process variables (such as operation type or medical center), the background explanatory variables that had been identified were then forced into the model and the process variables were considered as candidate predictors of the outcome variable.
RESULTS
The study comprised 537 consecutive patients who underwent prostatectomy due to BPH in three medical centers between 1991 and 1992 (a similar number of patients in each center). Thirty-one patients were excluded: due to subsequent diagnosis of prostatic carcinoma (18 patients, 3.3%), or missing data (five patients, 0.9%). Response rate was 98.9%. Patient mean age was 70.5. There was considerable variation in case mix among medical centers: Center B patients were older, fewer were employed and a larger proportion had indwelling urinary catheters and hospitalizations due to urinary tract infections. Center C had more patients with a history of retention and there was considerable variation in size of prostate among centers. Centers were similar regarding operation type distribution, recurrent operations, comorbidity parameters and mean symptom effect (Table  1) .
Major outcome: symptom effect
The symptom effect of Center B was statistically significantly worse: the crude symptom effect 4 months postoperatively was 0.86, 1.02 and 0.65 for centers A, B and C, respectively (p = 0.005). Variables that were found to be independently related to a poorer outcome included sociodemographic factors (age), urological factors (hospitalization due to UTT), comorbidity factors (Charlson index) and general QOL measures (activity level). However, when adjusting for variations in case mix using a multi-linear regression model, there was no difference in symptom effect score among the centers. 
Perioperative complications
The most frequent complication was hemorrhage and need for blood transfusion. A significant difference was found between hemorrhagic complications among centers, with excess bleeding in Center C. Center C had excess overall urological complications (Table 2) .
When adjusting for case mix, the following factors were found to predict occurrence of urological complications in a logistic regression model: first prostatectomy surgery (as opposed to recurrent), large prostate gland by digital rectal examination (DRE) and presence of anemia. When examining the additional contribution of process variables, medical center C and the open surgical technique were found to be independent risk factors for urological complications. In an attempt to investigate excess blood transfusions in Center C, we compared hematocrit levels among centers both before surgery and at discharge. No difference was found in preoperative levels. Center C was found to have lower hematocrit levels at discharge (Table 3) .
The presence of either ischemic heart disease or chronic lung disease or being >70 years of age were found to be independent risk factors for non-urological complications. Open surgery was also found to be an additional risk factor for non-urological complications; however, none of the medical centers imposed excess risk for such complications.
DISCUSSION
Our results confirm that case mix variations among medical centers in background variables are indeed associated with measured outcomes, as was expected on clinical grounds; i.e. age associated with symptom effect, prostate size with urological complications. In analysis of crude data of the major outcome, i.e. symptom effect, a statistically significant difference among centers was found. However, this re- fleeted variations in case mix only, and no true difference was found between centers after adjustment using a multi-linear regression model. A different pattern appeared in analysis of minor outcome of perioperative complications. Here, an outlier was detected both in crude data and after case mix adjustment. Our findings emphasize the importance of controlling for variations among populations when comparing various health-care providers [4] .
The measure of quality by comparing outcomes of prostatectomy surgery is multidimensional. From the patient's point of view, the operation is intended to reduce his discomfort from prostatism symptomatology. Therefore, the most significant outcome is the symptom effect, the degree of bother and discomfort caused by symptoms as opposed to symptom severity. This relatively new concept reflects considerable variations that exist in the effect or impact of similar symptoms on different patients [10, 11] . This outcome remains significant for the patient for many years, perhaps even a lifetime, and is more important by far than transient events such as an extra day of hospitalization, or the need for blood transfusion.
However, the outcome of symptom effect palliation may lack sensitivity as a measure for comparing performance between various health-care providers. This might be realized when examining the process of prostatectomy:
if sufficient debulking of the prostate gland is performed, improvement in symptoms, and hopefully of symptom effect, will be achieved. Yet, if this debulking is performed with poor surgical techniques, the procedure may evolve to an excess of complications, such as hemorrhage when hemostasis is insufficient, wound infections when aseptic practice is poor, or excess exacerbation of chronic conditions when perioperative management is lacking.
These adverse effects of treatment may be of little significance for the individual patient compared to the long-term outcomes of surgery. Nonetheless, they are still associated with temporary suffering and discomfort, and might cause long-term complications, such as transfusion-related chronic infections. As far as health-care providers are concerned, these complications are associated with the need for extra medical attention, prolongation of hospitalization length-of-stay and higher costs [12] .
In our results, we found no significant differences among medical centers concerning the major outcome of symptom effect, after case mix adjustment. This is not surprising, since we would expect that such variation in the major outcome would indicate considerable deviation from standards of care.
As opposed to major outcomes, the minor outcomes of immediate urological and nonurological complications differed between centers. Both crude and case mix-adjusted data showed that Center C had an excess of hemorrhagic complications. The logistic model showed Center C to have imposed an independent relative risk of 2.1 (95% CI 1.35-3.28) for urological complications (compared to Center A). When examining urological complications, it is apparent that the excess of urological complications in Center C reflects mainly hemorrhagic complications (Table 2) .
Two plausible explanations for the deviation of Center C were suggested: either a faulty surgical technique causing more bleeding, or perhaps more liberal indications for blood transfusion. In order to investigate these possibilities, we compared hematocnt levels pre-and postoperatively among centers. If, indeed, Center C practised a more liberal blood transfusion policy, considering similar preoperative hematocnt levels between centers, we would have expected Center C to have a higher hematocrit postoperative level. However, our findings were to the contrary: Center C had a significantly lower postoperative hematocrit; this, in conjunction with excess blood transfusions, indicates that Center C exhibited a true excess of intraoperative hemonhage. A careful examination of Center C's surgical techniques, and hemostasis practices, should be undertaken.
CONCLUSION
The first step in quality assurance of prostatectomy surgery is the comparison of outcomes of medical centers, after correcting for variation in case mix. This study is a small-scale example of such a procedure. Relative performance regarding the major long-term outcome of QOL improvement, which is most relevant to the patient, should be studied separately from that of minor outcomes of immediate complications, since they represent different levels of quality of care: major outcomes related to basic care standards, and minor outcomes related to fine tuning of surgical skills and perioperative care by the health-care provider. When an outlier is detected, further investigation should be performed to establish the cause and appropriate corrective intervention measures taken.
